Abstract Existing data suggest that antipyretic medications may have deleterious effects on immune function and may increase mortality in human infection. This study was designed to evaluate the impact of antipyretic therapy on 28-day in-hospital mortality when administered early in the course of gram-negative severe sepsis or septic shock. This study was a single-center retrospective cohort study at a 1,111-bed academic medical center of all febrile patients with gram-negative bacteremia hospitalized with severe sepsis or septic shock (n = 278) between Jan 2002 and Feb 2008. Although the raw mortality was lower in the group that received an early antipyretic medication (22 vs. 35 %, p = 0.01), patients in the early antipyretic group had higher mean arterial pressure (58.0 vs. 52.7, p = 0.01) and higher 24-h T max (39.3 vs. 39.0, p \ 0.01). Early antipyretic therapy was not significantly associated with 28-day in-hospital mortality (adjusted OR 0.55, 0.29-1.03) in a multivariable logistic regression model controlling for APACHE-II score, hypotension, pneumonia, surgery during hospitalization, persistent fever, and in-hospital dialysis. In conclusion, early antipyretic therapy is not associated with increased mortality.
Introduction
Infection is a leading cause of non-procedural admissions to intensive care units (ICUs) in the United States [1] . Ninety percent of patients with severe sepsis have a fever at the time of diagnosis [2] . Despite the commonality of fever in the critically ill patient, very little is understood about the role of fever in combating infection.
As early as the 1970s, animal trials suggested that subjects allowed to mount fever to severe infection had improved survival [3, 4] . More recently, Su et al. [5] demonstrated with a sheep model that fever in sepsis improved oxygen delivery, shock resolution, and survival compared with animals whose febrile response was attenuated.
Observational data suggest that fever is important both for immune function and for its bacteriostatic properties. Children pre-treated with acetaminophen seem to have less acquired immunity after vaccination [6] , in vitro laboratory studies suggest that fever may augment antimicrobial function [7] , and there is growing recognition that heatshock proteins may protect the host in severe infection [8, 9] .
Despite these data, there is a paucity of human trials to guide the clinician in the decision to treat fever. Only two small prospective clinical trials have tried to address the question of fever control in sepsis. The first study randomized patients to either aggressive (T \ 38°C) or permissive (T \ 40°C) fever control. The trial was stopped early (n = 82) because the mortality in the aggressive fever control group was higher (15.9 vs. 2.6 %, p = 0.06) [10] . The second was a very small randomized study (n = 38) using external cooling versus no cooling, and no difference in mortality (11 vs. 15 % p = 0.55) was observed [11] .
Based on these data, we hypothesize that administration of antipyretic medications within 6 h of the clinical recognition of severe sepsis or septic shock is associated with a higher mortality. We estimated effects of early antipyretic therapy and potential confounders on 28-day in-hospital mortality. We collected retrospective data on severe sepsis and septic shock patients in our institution to evaluate the strength of the association between early antipyretic medication and mortality.
Methods

Patients and setting
This study was a retrospective cohort analysis of febrile, gram-negative bacteremic adult patients (age C18 years) hospitalized at a 1,111-bed academic medical center between January 2002 and February 2008. All patients had fever (T max C 38.3°C) within 24 h of blood culture and met criteria for severe sepsis or septic shock by ICD-9 criteria as reported by Angus et al. and Martin et al. [12, 13] . We restricted the data set to gram-negative pathogens to focus the study population on a presumed homogenous cause of fever (i.e., lipopolysaccharide release,and because most clinicians recognize a gram negative organism in a blood culture to be pathogenic whereas many gram positive organisms may be treated as culture contaminants. Patients were excluded if grampositive or fungal organisms grew in simultaneous blood cultures. Fever was required for inclusion because afebrile septic patients would not be expected to receive antipyretic therapy.
Patients were excluded for factors that served as an indication for, or a contraindication to, antipyretic therapy, including cirrhosis, elevations in hepatic enzymes (aspartate aminotransferase or alanine transaminase [5 times normal, total bilirubin [3 times normal), acute brain injury (including traumatic brain injury, stroke, or intracerebral hemorrhage) diagnosed on admission or during hospitalization before culture, and allergy to acetaminophen. Patients were excluded for incomplete data only if the chart did not reflect a disposition or if insufficient information was available to apply exclusion criteria. Only the first episode of severe sepsis or septic shock was included for those patients with more than one infection during the study period. This study was approved by the Washington University Human Research Protection Office under waiver of informed consent.
Intervention Doses of antipyretic medications (i.e., acetaminophen, ibuprofen) recorded on the medication administration record were collected. Combination medications containing an antipyretic as one component (e.g., hydrocodone/ acetaminophen) were included. For analysis, patients were divided into an exposed cohort (i.e., receiving at least one dose of antipyretic medication within 6 h), and a control cohort.
Definitions
As recommended by a consensus of the American College of Critical Care Medicine and the Infectious Diseases Society of America [14] , fever was defined as temperature greater than or equal to 38.3°C. The index time was standardized to be the time the positive blood culture was drawn. Early antipyretic therapy was defined as a dose of medication containing either acetaminophen or ibuprofen between 4 h before and 6 h after the index time (diagnostic blood culture). This time window was selected to incorporate the anticipated duration of effect of the medication (most commonly acetaminophen), and to capture all doses that could be used to treat the earliest fevers observed and attributable to a diagnosis of severe sepsis or septic shock. APACHE-II [15] scores were calculated at the index time (no points were assigned for APACHE-II variables not measured within 24 h of index time.) The source of infection was assigned by one of the authors [STM] by comparing with culture data available from other body fluids (e.g., urine, bronchoalveolar lavage, operative culture), and the clinical circumstances. Home medications were listed on the hospital admission documentation, and hospital medications were recorded on the medication administration record. Inappropriate antibiotics were defined as either failure to administer antibiotics within 24 h of culture, or administration of antibiotics to which the pathogen was later found to be resistant. Surgery included any surgical procedure during hospitalization performed in an operating suite (excluding tracheostomy, gastrostomy, diagnostic bronchoscopy, endoscopy, or procedures performed by interventional radiology). New dialysis included any renal replacement therapy (e.g., intermittent hemodialysis, continuous venovenous hemodialysis) performed on a patient not previously known to have end-stage renal disease at the time of admission. Mechanical ventilation included only ventilation via an endotracheal tube or tracheostomy tube (excluding non-invasive ventilation), and liberation from mechanical ventilation was defined as 24 continuous hours with no ventilator support. Vasopressors were defined as norepinephrine, vasopressin, dopamine, or phenylephrine infusions, with the stop time being the time when the infusion was stopped if it was not restarted for 24 h. For those patients on mechanical ventilation or vasopressor infusions at the index time, the start time for both interventions was listed as the index time.
Data collection
Data were collected either by computerized query of the medical record, or by manually abstracting data from the paper or computerized medical record by one of the authors, and recording it on a paper case report form. The three data collectors [NMM, HPM, RLA] were all physicians who were at least PGY-2 trainees, who were trained in data collection prior to abstracting data. Charts were randomly selected to be reviewed by two data collectors independently and verified for agreement. Manually collected data were transferred to an electronic database for analysis.
Outcomes
The primary outcome was 28-day in-hospital mortality. Pre-defined secondary outcomes were subsequent requirement for mechanical ventilation (within 72 h after diagnostic culture), use of vasopressors, or new renal failure requiring dialysis.
Statistical analysis
The primary outcome analysis was performed as a multivariable logistic regression to estimate the effect of early antipyretic administration and to account for baseline differences in covariates between the two groups. Associations between baseline characteristics and outcomes were tested using the Student t test, Mann-Whitney U test, or
Pearson Chi-squared test, as appropriate. No correction was made for multiple comparisons (i.e., Bonferroni) because omitting the correction is a more conservative approach for a comparison designed to show baseline similarities. Variables expected to be related to disease severity were evaluated in a univariable logistical regression for their relationship to mortality. Variables that were significantly related to antipyretic exposure and to mortality were included in the multivariable logistic regression model. Predictors were included in a main effects explanatory model. Continuous covariates were modeled as linear variables. Where appropriate, outcomes are presented with 95 % confidence intervals, and all tests are considered significant when p \ 0.05 using two-tailed tests.
Results
Of the 756 patients with gram-negative severe sepsis or septic shock over the six-year period, 278 met inclusion/ exclusion criteria (Fig. 1) . The most frequent reason for exclusion was the absence of fever at the time the culture was drawn. Patients were administered an early antipyretic in 130 (47 %) cases, and 129 of the total 133 doses administered (96.9 %) were acetaminophen. Of those doses of acetaminophen, 100 doses (77.5 %) were 650 mg.
Patient characteristics
At baseline, patients treated with antipyretic therapy had higher temperature (p \ 0.01), higher mean arterial pressure (p = 0.01), and were less likely to have been newly admitted to the hospital (p = 0.02) at study inclusion (Table 1) . Although maximum temperature was statistically different, the difference between medians was small (0.3°F). Otherwise, the groups were well matched on demographic factors and baseline condition.
Patients treated with antipyretic therapy were less likely to require ICU care (p \ 0.01), mechanical ventilation (p \ 0.01), and vasopressors (p \ 0.01, Table 2 ). Eighty patients (28.8 %) died during the 28-day study follow-up, with fewer patients dying after receiving an antipyretic medication (22 vs. 35 %, p = 0.01). Most patients (63 %) were diagnosed with bacteremia greater than 24 h into their hospital stay, and many of these patients had nosocomial bacteremia.
Response to acetaminophen
Patients with temperature data both 4 h before culture and 4 h after culture (n = 179) were analyzed to evaluate for response to antipyretic treatment. Median temperatures over each period were calculated and did not significantly differ based on the administration of acetaminophen Table 3 ). Factors related to both exposure and outcome were included in a multivariable model, no significant collinearity existed, and no potential interactions were found to be significant. For the a priori subgroup analysis restricted only to patients cared for in the ICU (n = 196), the logistic regression model was very similar, with a nonsignificant contribution of antipyretic therapy to mortality.
Secondary outcomes
A similar multivariable logistic regression model that included patients not on mechanical ventilation at the index time (n = 194) controlled for covariates and showed that early antipyretic therapy was not associated with subsequent mechanical ventilation (adjusted OR 0.19-1.09, p = 0.08, Table 4 ). For patients not requiring vasopressors at the index time (n = 239), early antipyretic use was not associated with subsequent vasopressor use (adjusted OR 0.27-1.37, p = 0.23), and for those patients without endstage renal disease (n = 250), early antipyretic use was not associated with acute renal failure requiring renal replacement therapy (adjusted OR 0.39-1.73, p = 0.60, Fig. 2 ). Patients not requiring each of these support modalities at the time of a diagnostic blood culture with isolated gram-negative bacteremia were included in the analysis to test the relationship between early antipyretic therapy and subsequent organ failure. Potential confounding variables were included to control for asymmetric distribution of illness severity between exposed and unexposed groups
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Discussion
In our cohort, early antipyretic therapy does not increase mortality in severe sepsis and septic shock. One of the conclusions of this analysis is one that has been reported previously: those who receive antipyretic therapy are different from those who do not. Clearly, patients with higher temperature seem more likely to receive antipyretic therapy, but they also may have a greater inflammatory burden of sepsis, and may have a different likelihood of survival (note that those without fever were excluded from this analysis). Furthermore, patients who are more ill tend to receive more interventions, so relating outcomes of organ failure to antipyretic exposure is difficult to do. This criticism is a recognized limitation of retrospective analyses, but by carefully limiting our study population, and applying statistical methods precisely, we have attempted to control for much of the asymmetric risk and potential bias in these two groups. We acknowledge that it is impossible to remove statistically the entire effect of potential confounding factors. One of our hypotheses that antipyretic therapy might affect organ failure stemmed from animal data that suggested that fever augmented resolution from shock [5] . We determined a priori that looking at rates of new respiratory failure, circulatory failure, and renal failure (all measured by support modalities, including mechanical ventilation, vasopressor support, or renal replacement therapy) could aid in developing hypotheses to understand the benefits of fever. In our analysis, antipyretic therapy was not associated with subsequent organ failure, although a nonsignificant trend toward benefit was observed in subsequent respiratory failure. Although we have a temporal relationship from our data, we do not have a robust measure of respiratory compromise at study inclusion, so it is impossible to postulate that the impact of attenuating fever was causal in preventing intubation for these patients. It may be physiologically plausible that fever may contribute to tachypnea, high minute ventilation requirements, and clinical respiratory failure necessitating intubation.
Several prior studies have reported on animal effects [9, 16] , fever in sepsis [17, 18] , and prevention of infection with fever [10, 19, 20] . Human studies have had mixed results on the mortality effects of antipyretic therapy. A large prospective trial (n = 455) randomizing patients to ibuprofen or placebo did not control the use of other antipyretic drugs (i.e., acetaminophen), so patients in both groups received antipyretic medication [21] . Another human study was restricted to trauma patients, and study participants did not necessarily have evidence of infection at the time of inclusion. Although the findings did not reach statistical significance, there was a trend toward increased mortality (15.9 vs. 2.6 %, p = 0.06) prior to the study being stopped at an interim analysis [10] . Two observational studies correlating acetaminophen use to mortality in E. coli and Pseudomonas aeruginosa bacteremia were confounded by the increased use of acetaminophen later in their time analysis (when sepsis treatment likely had changed), and failure to account for specific severity of illness indices [22, 23] . Their findings may be difficult to compare with ours because acetaminophen use may have been collinear with some of our severity of illness variables. Our much larger analysis of patients with severe sepsis highlights that clinical equipoise remains, and that a prospective trial should be performed to either validate or refute prior findings.
Several reasons exist that might cause the direction of effect in our analysis to differ from prior studies. The most obvious two reasons are the observational nature of the analysis with statistically controlled covariates and the assignment to cohorts by a single early dose of medication only. Another possibility, however, is that most preclinical studies have examined the effect on clinical outcomes if fever is prevented. In actual practice, this is very difficult to do. In most cases, fever is not recognized until it exists, meaning that treatment cannot occur until fever has already occurred. Some preclinical data regarding fever in infection has examined the effect of heat shock proteins and their impact on survival. If the critical component of fever is magnitude rather than duration, it is conceivable that animal and human trials that prevent or delay an initial fever could lead to a very different outcome than one that considers treatment of fever after its onset in patients already diagnosed with bacteremia. Selecting patients with bacteremia and organ failure may have identified critically ill patients most likely to benefit from antipyretic therapy.
An alternative possibility is that the findings of clinical studies are heterogeneous because the patient populations they study are different. The primary outcome in each study relates to a delicate balance between benefit and harm. The vertical line at unity shows the odds ratio of no effect, and each of the odds ratio confidence intervals cross unity Perhaps antipyretic therapy, while attenuating the immune response, also offers benefits in speeding volume resuscitation, enhancing lung function [24] , decreasing metabolic load [25] , preventing delirium, and reducing other metabolic derangements. If this balance is responsible for differing conclusions in the medical literature, then the populations studied may wildly exaggerate the benefits or harms of fever. Otherwise healthy young trauma patients, for example, may have a much different outcome related to antipyretic therapy than older, chronically ill patients.
One interesting finding is the minimal temperature response to acetaminophen in this cohort. This is a finding that has been reported previously [26, 27] . There are two possible explanations to this observation: (1) febrile critically ill patients may have wide fluctuations in their temperature patterns [28] , so all patients tend to defervesce after a fever spike, or (2) acetaminophen has little efficacy in the critically ill. It is likely that patients who develop extreme fevers will regress toward a more normal temperature over time. It is also likely that treatment with antibiotic therapy, source control, and other sepsis therapies may decrease temperature as a reflection of clinical improvement. In this cohort the defervescence in the patients not treated with acetaminophen was very small (0.23°C). The meager response to acetaminophen may be reflective of the minimal effect of antipyretic medications in such overwhelming systemic inflammation. Further, antipyretic medications may have effects in addition to their effect on temperature regulation that may impact clinical outcomes. Future studies may consider pharmacologic and direct thermal regulation of body temperature to elucidate the role of fever in sepsis. This limited temperature effect may partially explain the difficulty in showing a mortality difference in our study.
Several limitations must be considered for this study. First, the cohort is based on retrospective chart review, so some of the information gathered from the medical record may have been incomplete. We have strived to select measures of exposure (e.g., medication administration records), disease severity (e.g., laboratory values, vital signs), and outcomes (e.g., death, dialysis) that we expect are accurately recorded in the medical record, and most of the data were collected through computerized query of the medical record to reduce error. Although we have tried to limit bias by carefully limiting our inclusion cohorts and controlling for measured differences between our groups, there may be other confounders that are unmeasured, and are not controlled by our analysis. Further, we do not define why antipyretic medications were administered. In our population, 18 % of doses were given to patients in a time period without fever (meaning most doses were given in the presence of fever), so we cannot assure that each dose of medication was given for attenuation of fever. Despite not knowing the therapeutic intent, all included patients had severe sepsis, and fever, and were exposed to an early antipyretic medication. We also have assumed that the effect of antipyretics can be captured in the measurement of early doses, but it is possible that a cumulative dose or a projected fever dose may capture more appropriate data. We believe that the benefit or harm of antipyretic therapy is likely to be greatest early in disease when shock and inflammation is most severe, and the physiology of the heat shock protein response is likely captured in early doses of fever-attenuating medications.
Although the exclusion criteria were designed to better match the two cohorts in this observational study, they also likely limit the external validity of the study findings to only patient groups that were included in our analysis. Similarly, restricting our cohort to gram-negative bacteremia was intended to improve homogeneity of the study population, but it limits application of our findings to those with other ICU infections.
Conclusions
Early antipyretic exposure does not increase mortality in patients with gram-negative severe sepsis. Exposure to antipyretics was not associated with changes in respiratory failure, renal failure, or circulatory failure requiring vasopressors. Further prospective study will be required to elucidate the role of antipyretic therapy in survival from septic shock.
